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(57) An even hamnonic mixer comprises an antipar- 
allel diode pair unit (11) including a first series unit In 
which a first diode (1 a) and a first resistor (1 Oa) are con- 
nected In series and a second series unit in which a sec- 



ond diode (1 b) and a second resistor (1 Ob) are connect- 
ed in series, the first and second series units being con- 
nected in parallel so that the first and second diodes are 
opposite in polarity. 



FIG.l 



CM 
00 

o 
o 

CO 




o. 
IIJ 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1300 827 A1 



2 



Description ^ 
Field of the Invention 

[0001] The present Invention relates to an even har- 
monic mixerf or use In transmitter-receivers Intended for 
a radio communications system. More particuiariy, it re- 
lates to an even hamrionio mixer that not only converts 
the frequency of a high frequency signal but also is suit- 
able for a quadrature modulator and a quadrature de- 
modulator for use with a modulation method, such as 
GIWISK, QPSK, or QAI^, which is frequently used in a 
digital radio communication system. 

Background of the Invention 

[0002] There is an even hanmonic mixer which em- 
ploys an antiparallel diode pair (APDP) as a means of 
mixing high-frequency signals. The principle of such an 
even hamnonic mixer has been described in "Harmonic 
mixing with an antiparallel diode pair" by Man/in Cohn 
and et al., IEEE Transactions on Microwave theory and 
techniques, Vol. MTT-23, No. 8, pp. 667 to 673, August 
1 975. Fig. 1 Is a schematic circuit diagram showing the 
structure of the prior art even hamionic mixer described 
in this reference. In the figure, reference numerals 1a 
and 1b denote first and second diodes, and reference 
numeral 2 denotes an APDP that consists of these di- 
odes 1 a and lb. As shown in Fig. 1 , in the APDP 2, the 
first and second diodes 1 a and 1 b are connected in par- 
allel to each other so that they are opposite in polarity. 
Reference numeral 3 denotes a demultiplexing circuit, 
reference numeral 4 denotes a high-pass filter (H PF) in- 
cluded in the demultiplexing drcuft 3 and having an end 
connected to an RF temiinal 7, reference numeral 5 Is 
band-pass filter (BPF) included in the demultiplexing cir- 
cuit 3 and having an end connected to another end of 
the HPF 4 and the APDP 2, and another end connected 
to an LO temiinal 8, and reference numeral 6 denotes 
a low-pass filter (LPF) included in the demultiplexing cir- 
cuit 3 and having an end connected to the HPF 4, the 
BPF 5, and the APDP 2, and another end connected to 
an IF temiinal 9. 

[0003] Next, a description will be made as to the op- 
eration of the prior art even hamnonic mixer. 
[0004] When the even harmonic mixer shown in Fig. 

1 operates as a mixer for reception, a high frequency 
signal (RF signal) and a local oscillation wave (LO wave) 
are applied to the demultiplexing circuit 3 by way of the 
RF temninal 7 and the LO temninal 8, respectively. The 
RF signal applied to the RF temiinal 7 is input to the 
APDP 2 byway of the HPF 4 of the demultiplexing circuit 
3. At this time, leaitage of the RF signal to the LO temni- 
nai 8 IS prevented by the BPF 5. Furthennore, the LO 
wave applied to the LO temnlnal 8 is Input to the APDP 

2 by way of the BPF 5. At this time, leakage of the LO 
wave to the RF tenmlnai 7 is prevented by the HPF 4. 
An intenmediate-frequency signal (IF signal) Is generat- 



ed from the RF signal and the liO wave applied to the - 
APDP 2. The generated IF signal is output to the IF ter- 
minal 9 which is an output signal temiinal by way of the 
LPF 6. At this time, the RF signal and the LO wave are 

5 blocked by the LPF 6. 

[0005] When the even hanmonic mixer shown in Fig. 
1 operates as a mixer for transmission, an IF signal and 
an LO wave are applied to the demultiplexing circuit 3 
by way of the IF temiinal 9 and the LO temiinal 8, re- 

10 spectively. The IF signal applied to tiie IF terminal 9 is 
Input to the APDP 2 by way of the LPF 6. At this time, 
leakage of the IF signal to the RF temiinal 7 is prevented 
by the HPF 4. Furthennore, leakage of the IF signal to 
the LO temiinal 8 is prevented by the BPF 5. In addition, 

15 the LO wave applied to the LO temiinal 8 Is Input to the 
APDP 2 by way of the BPF 5. At this time, leakage of 
the LO wave to the RF tenminal 7 is prevented by the 
HPF 4. The APDP 2 generates an RF signal from the IF 
signal and the LO wave applied thereto. The generated 

20 RF signal is output to the RF terminal 7 which is an out- 
put signal terminal by way of the HPF 4. 
[0006] Next, a frequency conversion operation will be 
explained. 

IPOOT] Fig. 2 shows a relationship between a voltage 
25 across the APDP 2 and an electric current flowing 
through the APDP 2 which constitutes the even hamion- 
fc mixer. Since the first and second diodes la and 1b 
are connected in parallel to each other so that they are 
opposite in polarity, an electric currentfiows through the 
30 first diode la when the applied voltage is negative, 
whereas an electric cunrent flows through the second 
diode lb when the applied voltage is positive. By the 
way, the electric current which flows through each diode 
is generally given by the following equation. 
35 ' 

I = is*(exp(qV/kT)-1) (1) 

where Is Is a saturation current, q Is an electric charge, 

40 V is the applied voltage, k is Boitzmann's constant, and 
T Is absolute temperature. When the electric current giv- 
en by equation (1) shows a characteristfc that It hardly 
flows until the applied voltage V reaches a certain value 
Vt, and rapidly increases when the applied voltage V ex- 

45 ceeds VI. Therefore, the APDP 2 which consists of the 
first and second diodes la and lb can be assumed to 
be an element which has a DC characteristic that the 
electric cunrent flows only when the following condition: 
V>Vt or V<-Vt is established, as shown in Fig. 2. When 

50 applying an LO wave having an amplitude of Vp shown 
in Fig. 3 to the APDP 2 having such a DC characteristic, 
no electric cun-ent flows through either of the two diodes 
when the LO wave amplitude Is in the range of -Vt from 
+Vl, and eltiier one of the two diodes is turned on and 

55 an electric current therefore flows through the one of 
ttiem when the LO wave amplitude exceeds +Vt or is 
less than -Vt, as shown in Fig. 4. As a result, the APDP 
2 operates in such a manner that a low-frequency elec- 
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- trie current whose phase changes in a half cycle thereof 
flows through the APDP 2,.as shown In Fig. 5(a), and 
Its conductance g given by the following equation in- 
creases in a half cycle of the electric current, as shown 
in Fig. 5(b). 

g = dl/dV (2) 

Fig. 5(b) means that the conductance g changes at a 
frequency two times that of the LO wave. Actually, when 
the waveform of the conductance Is Fourier-analyzed, 
the tenm having a period twice that of the LO wave has 
a large coefficient. Thus, the even harmonic mixer, 
which employs the APDP 2, can output a mixture wave 
of the second hamnonic of the LO wave and the input 
signal. 

[0008] The prior art even harmonic mixer shown in 
Fig. 1 can operate with an LO wave of a frequency that 
is one-half of a desired frequency of an RF signal. 
Therefore, the even hamionic mixer is applied to a trans- 
ceiver for microwaves, especially, for millimeter waves, 
as disclosed in most publfc references including the 
above-mentioned reference. Since the even harmonic 
mixer can thus reduce the frequency of the LO wave to 
the half, transceivers that contains such an even har- 
monic mixer are expected to drop in price. 
[0009] However, a problem with the even hamionic 
mixer which employs such an APDP is that the conver- 
sion gain, which is the ratio of the output signal to the 
input signal, changes greatly with a change in the LO 
wave electric power structurally. Fig. 6(a) is a graph 
showing an electric cunrent which flows through the AP- 
DP 2 when the amplitude of an LO wave applied to the 
APDP is setto be equal to or less than its optimum value, 
Fig. 6(b) is a graph showing an electric current which 
flows through the APDP 2 when the amplitude of the LO 
wave applied to the APDP is set to be equal to Its opti- 
mum value, and Fig. 6(c) is a graph showing an electric 
current which flows through the APDP 2 when the am- 
plitude of the LO wave applied to the APDP is set to be 
equal to or greater than its optimum value. When the 
amplitude of the LO wave Is set to be equal to or less 
than its optimum value, as shown in Fig. 6(a), an ade- 
quate conductance is not acquired and the conversion 
gain therefore decreases remari«bly because the LO 
wave amplitude Is insufficient. When the LO wave hav- 
ing an optimum amplitude is applied to the APDP 2, as 
shown in Fig. 6(b), an adequate conversion gain is ac- 
quired. When the LO wave having an amplitude equal 
to or greater than its optimum value is applied to the 
APDP2, as shown in Fig. 6(c), the wavefomn of the elec- 
tric cunrent which flows through the APDP 2 becomes a 
sine wave having the same period as the LO wave. 
Therefore, in the Fourier series of the conductance, the 
term with a period that is twice that of the LO wave has 
a small coefficient, and the level of a desired mixture 
wave which is a mixture of the second hamionic of the 



LO wave and the input signal decreases ahdthe con^- 
version gain therefore decreases. Fig. 7 shows such de- 
pendence of the conversion gain on the LO wave elec- 
tric power. As can be seen from the figure, the conver- 

5 sion gain reaches its maximum value at a certain LO 
wave electric power and the conversion gain decreases 
before and behind the certain LO wave electric power. 
[001 0] Furthennore, since the saturation current Is in 
the above-mentioned equation. (1) is a function of ab- 
solute temperature T and T is included in the exponen- 
tial function of the equation (1 ), the DC characteristic of 
each diode has temperature dependence. Fig. 8 is a 
graph showing the temperature dependence of the DC 
characteristic of the APDP 2 equipped with the two di- 

'5 odes which have such temperature dependence and 
which are connected in parallel so that they are opposite 
in polarity. The threshold voltage Vt at which the electric 
cunrent begins to flow through the APDP decreases with 
an increase In the temperature of each diode of the AP- 

20 DP. In other words, the threshold voltage becomes lower 
at a high temperature, whereas the threshold voltage 
becomes higher at a low temperature. Therefore, the 
dependence of the conversion gain on the LO wave 
electric power differs depending on the temperature of 

25 each diode of the APDP, as shown in Fig. 9. Therefore, 
even at the same electric power of the LO wave, the 
conversion gain differs according to the temperature of 
each diode of the APDP. 

[00111 Aproblem with a priorarleven hamionic mixer 
30 constructed as mentioned above is that the dependence 
of the conversion gain on the LO wave electric power 
and the temperature dependence of the conversion gain 
must be considered when designing a communication 
apparatus and additional cost Is therefore required. An- 
as other problem is that the level of the LO wave electric 
power supplied to the even harmonic mixer changes 
with variations in part perfomnance, and variations in the 
characteristics of the even hamionic mixer and varia- 
tions in part perfonmance conspire to malce the conver- 
Ao sion gain of the prior art even harmonic mixer change 
greatly. A further problem Is that at low temperatures 
since the conversion gain decreases the noise figure is 
deteriorated and the receiver sensitivity therefore de- 
creases in receivers, and a desired output is not ac- 
45 quired in transmitters, whereas at high temperatures the 
conversion gain rises, the signal level rises, and distor- 
tion occurs at a stage located behind the even hamnonic 
mixer. 

[0012] The present invention is proposed to solve the 
50 above-mentioned problems, and It is therefore an object 
of the present Invention to provide an even hamionic 
mixer capable of reducing the amount of change in the 
conversion gain resulting from a change in the ampli- 
tude of an LO wave applied thereto and a change in the 
55 temperature of each diode of an APDP included in the 
even hamionic mixer. 
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DIstelosure of theinvention — • - — — 

[0013] An even hannonic mixer In accordance with an 
aspect of the present invention comprises an antlparal- 
lei diode pair means including a first series unit in which 
a first diode and a first resistor are connected in series 
and a second series unit in which a second diode and 
a second resistor are connected In series, the first and 
second series units being connected In parallel so that 
the first and second diodes are opposite in polarity. 
[0014] Accordingly, the aspect of the present inven- 
tion offers an advantage of being able to reduce the 
amount of change in the conversion gain resulting froma 
change In the LO wave electric power and a change in 
the temperature of each diode of the antlparallel diode 
pair means because an electric cunrent, which flows 
through each diode of the antlparallel diode pair means, 
can be l<ept nearly constant regardless of the amplitude 
of an LO wave applied to the antiparaliel diode pair 
means and the temperature of each diode. 
[0015] In the even harmonic mixer in accordance with 
another aspect of the present invention, the first series 
unit has a plurality of diodes in series which are connect- 
ed in series to the first resistor, and the second scries 
unit has a plurality of diodes in series which are connect- 
ed in series to the second resistor. 
[0016] Accordingly, the other aspect of the present In- 
vention offers an advantage of being able to provide an 
excellent distortion characteristic, 
[0017] In the even hannonic mixer in accordance with 
a further aspect of the present Invention, the first series 
unit has a f irst capacitor connected in parallel to the first 
resistor and the second series unit has a second capac- 
itor connected in parallel to the second resistor. 
[0018] Accordingly, the further aspect of the present 
invention offers an advantage of preventing a decrease 
in the level of an RF signal applied to the antlparallel 
diode pair means caused by the resistor connected in 
series to each diode because the RF signal passes 
through either the first capacitor or the second capacitor 
without passing through either the first resistor or the 
second resistor. 

[0019] in the even hannonic mixer in accordance with 
another aspect of the present invention, the first resistor 
Is connected to a cathode of the first diode in the first 
series unit and the second resistor is connected to an 
anode of the second diode in the second series unit so 
thatthe first and second resistors are connected to each 
other at an end of the antlparallel diode pair means. The 
even hannonic mixer further comprises a first capacitor 
having an end connected to a node between the first 
resistor and the first diode and a second capacitor hav- 
ing an end connected to a node between the second 
resistor and the second diode, an IF signal is input and 
output by way of a node between the first and second 
resistors, other ends of the first and second capacitors 
are connected to each other, an LO wave is applied to 
a node between the other ends of the first and second 



capacitors, arid an RPsignal is input'aiid outpiifby way 
of the node between the other ends of the first and sec- 
ond capacitors. 

[0020] Accordingly, the other aspect of the present In- 
5 vention offers an advantage of being able to reduce the 
amount of change in the conversion gain of the even 
hannonic mixer resulting from a change of the LO wave 
electric power and a change in the temperature of each 
diode of the antiparaliel diode pair means, and to pre- 
10 vent a decrease in the level of an RF signal applied to 
the antiparaliel diode pair means caused by the resistor 
connected in series to each diode. 
[0021 ] In the even harmonic mixer in accordance with 
a further aspect of the present invention, the first resistor 
15 is connected to a cathode of the first diode in the first 
series unit and the second resistor is connected to an 
anode of the second diode in the second series unit so 
that the first and second resistors are connected to each 
other at an end of the antlparallel diode pair means. The 
20 first series unit has afirst capacitor connected in parallel 
to the first resistor and the second series unit has a sec- 
ond capacitor connected in parallel to the second resis- 
tor. The even hannonic mixer further comprises a third 
capacitor having an end connected to a node between 
25 the first resistor and the first diode and a fourth capacitor 
having an end connected to a node between the second 
resistor and the second diode, an IF signal is input and 
output by way of a node between the first and second 
resistors, other ends of the third and-fourth capacitors 
30 are connected to each other, an LO wave is applied to 
a node between the other ends of the third and fourth 
capacitors, and an RF signal is input and output by way 
of the node between the other ends of the third and 
fourth capacitors. 
35 [0022] Accordingly, the fdrther aspect of the present 
invention offers an advantage of being able to reduce 
the amount of change in the conversion gain of the even 
harmonic mixer resulting from a change of the LO wave 
electric power and a change in the temperature of each 
40 diode of the antiparaliel diode pair means, and to pre- 
vent a decrease in the level of an RF signal applied to 
the antiparaliel diode pair means caused by the resistor 
connected in series to each diode. 
[0023] In the even harmonic mixer in accordance with 
45 another aspect of the present invention, the first resistor 
is connected to a cathode of the first diode in the first 
series unit and the second resistor is connected to an 
anode of the second diode in the second series unit so 
that the first and second resistors are connected to each 
50 other at an end of the antlparallel diode pair means, and 
the first series unit comprises a first capacitor connected 
to an anode of the first diode and the second series unit 
comprises a second capacitor connected to a cathode 
of the second diode. The even hannonic mixer further 
55 comprises a third resistor having an end connected to 
the anode of the first diode, a fourth resistor having an 
end connected to the cathode of the second diode and 
another end connected to another end of the third resis- 
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tor, a third cap'acitorhaving ah end connected to a node 
between the first resistor and the first diode, and a fourth 
capacitor having an end connected to a node between 
the second resistor and the second diode, an IF signal 
is input and output by way of a node between the first s 
and second resistors, other ends of the third and fourth 
capacitors are connected to each other, an LO wave is 
applied to a node between the other ends of the third 
and fourth capacitors, and an RF signal Is input and out- 
put by way of the node between the other ends of the 10 
third and fourth capacitors. 

[0024] Accordingly, the other aspect of the present in- 
vention offers an advantage of being able to reduce the 
amount of change in the conversion gain of the even 
hamionic mixer resulting from a change of the LO wave f5 
electric power and a change in the temperature of each 
diode of the antiparallel diode pair means, and to pre- 
vent a decrease in the level of an RF signal applied to 
the antiparallel diode pair means caused by the resistor 
connected in series to each diode. 20 
[0025] In the even hamnonic mixer in accordance with 
a further aspect of the present invention , the first resistor 
Is conne<^ed to a cathode of the first diode In the first 
series unit and the second resistor Is connected to an 
anode of the second diode in the second series unit so 25 
that the first and second resistors are connected to each 
other at an end of the antiparallel diode pair means, and 
the first series unit comprises a third resistor connected 
In series to an anode of the first diode and a first capac- 
itor connected in parallel to the third resistor and the sec- 30 
ond series unit comprises a fourth resistor connected in 
series to a cathode of the second diode and a second 
capacitor connected in parallel to the fourth resistor. The 
even harmonlcmlxer further comprises a third capacitor 
having an end connected to a node between the first 35 
resistor and the first diode and a fourth capacitor having 
an end connected to a node between the second resis- 
tor and the second diode, an I F signal is Input and output 
byway of a node between the first and second resistors, 
other ends of the third and fourth capacitors are con- 40 
nected to each other, an LO wave is applied to a node 
between the other ends of the third and fourth capaci- 
tors, and an RF signal Is Input and output by way of the 
node |[)etween the other ends of the third and fourth ca- 
pacitors. 

[0026] Accordingly, the further aspect of the present 
invention offers an advantage of being able to reduce 
the amount of change In the conversion gain of the even 
hamionic mixer resulting from a change of the LO wave 
electric power and a change In the temperature of each so 
diode of the antiparallel diode pair means, and to pre- 
vent a decrease in the level of an RF signal applied to 
the antiparallel diode pair means caused by the resistor 
connected In series to each diode. 
[0027] In the even hamionic mixer in accordance with 55 
another aspect of the present Invention, the first resistor 
is connected to a cathode of the first diode in the first 
series unit and the second resistor Is connected to an 



anode of the second diode In the second-sierles unltso'^^"" 
that the first and second resistors are con nected to each 
other at an end of the antiparallel diode pair means, and 
the first series unit connprises a first capacitorconnected 
in parallel to the first resistor and a third capacitor con- 
nected in series to an anode of the first diode and the 
second series unit comprises a second capacitor con- 
nected In parallel to the second resistor and a fourth ca- 
pacitor connected In series to a cathode of the second 
diode. The even hamnonic mixer further comprises a 
third resistor having an end connected to the anode of 
the first diode and a fourth resistor having an end con- 
nected to the cathode of the second diode and another 
end connected to another end of the third resistor. 
[0028] Accordingly, the other aspect of the present in- 
vention offers an advantage of being able to reduce the 
amount of change in the conversion gain of the even 
harmonic mixer resulting from a change of the LO wave 
electric power and a change In the temperature of each 
diode of the antiparallel diode pair means, and to pre- 
vent a decrease In the level of an RF signal applied to 
the antiparallel diode pair means caused by the resistor 
connected in series to each diode. 

Brief Description of the Figures 

[0029] 

Fig. 1 is a schematic circuit diagram showing the 

structure of a prior art even hamionic mixer; 

Fig. 2 is a graph showing a DC characteristic of an 

APDP for use in the prior art even harmonic mixer; 

Fig. 3 is a diagram showing the wavefonn of an LO 

wave applied to the APDP; 

Fig. 4 is a graph showing a relationsh ip between the 

waveform of the LO wave applied to the APDP and 

the waveform of a current which flows through the 

APDP; 

Figs. 5(a) and 5(b) are graphs showing the wave- 
form of a cun*ent which flows through each diode of 
the APDP and a time-varying conductance of each 
diode; 

Fig. 6(a), 6(b), and 6(c) are graphs showing the 
wavefonn of the cun-ent which flows through the 
APDP when setting the amplitude of the LO wave 
applied to the APDP to less than an optimum value, 
when setting it to the optimum value, and when set- 
ting it to greater than the optimum value; 
Fig. 7 Is a graph showing the dependence of a con- 
version gain of the prior art even harmonic mixer on 
the power of the LO wave; 
Fig. 8 is a graph showing the temperature depend- 
ence-of the DC characteristic of the APDP for use 
In the prior art even hamionic mixer; 
Fig. 9 is a graph showing a change in the depend- 
ence of the conversion gain of the prior art even har- 
monic mixer on the LO wave power according to 
changes in temperature; 
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^fig: to is'tf schematic circuitdiagram sho - 
stmcture of an even hamnonic mixer according to a 
first embodiment of the present Invention; 
Fig. 1 1 is a graph showing a DC characteristic of an 
APDP for use In the even hanfnonlc mixer according s 
to the first embodiment of the present invention; 
Fig. 12 is a graph showing the dependence of the 
conversion gain of the even harmonic mixeraccord- 
Ing to the first embodiment of the present invention 
on the power of an LO wave applied to the even io 
harmonic mixer; 

Fig. 1 3 is a graph showing the temperature depend- 
ence of the DC characteristic of the APDP for use 
in the even hamnonic mixer according to the first 
embodiment of the present Invention ; 
Fig. 14 is a graph showing a change in the depend- 
ence of the conversion gain of the even harmonic 
mixer according to the first embodiment of the 
present invention on the LO wave power according 
to changes in temperature; ^ 
Fig. 15 Is a schematic circuit diagram showing the 
structure of an even harmonic mixer according to a 
variant of the first embodiment of the present Inven- 
tion; 

Fig. 1 6 is a schematic circuit diagram showing the 25 
structure of an even hamnonic mixer according to 
another variant of the first embodiment of the 

present invention; 

Fig. 17 is a schematic circuit diagram showing the 
stmcture of anotiier example of the APDP for use so 
In the even hamnonic mixer according to the first 
embodiment of the present Invention; 
Fig. 1 8 Is a schematic circuit diagram showing the 
stmcture of another example of the APDP for use 
in the even hamnonic mixer according to the first 35 
embodiment of the present invention; 
Fig. 19 is a schematic circuit diagram showing the 
structure of another example of the APDP for use 
in the even hamnonic mixer according to the first 
embodiment of the present Invention; ^ 
Fig. 20 is a schematic circuit diagram showing the 
stmcture of an even harmonic mixer according to a 
second embodiment of the present invention; 
Fig. 21 Is a schematic circuit diagram showing the 
stmcture of an even hamnonic mixer according to a 45 
third embodiment of the present invention; 
Fig. 22 Is a diagram showing a flow of an RF signal 
in an APDP for use in the even harmonic mixer ac- 
cording to the third embodiment of the present in- 
vention; ^ 
Fig. 23 Is a schematic circuit diagram showing the 
stmcture of an even hamnonic mixer according to a 
variant of the third embodiment of the present in- 
vention; 

Fig. 24 is a schematic circuit diagram shoving the 55 
stmcture of an even harmonic mixer according to a 
fourth embodimerrt of the present invention; 
Fig. 25 is a diagram showing a flow of an RF signal 



in an APDP f or use in theTeven*hafmbnicTnlxer^a^ 
cording to the fourth embodiment of the present In- 
vention; 

Rg. 26 is a schematic circuit diagram showing the 
structure of an even harmonic mixer according to a 
variant of the fourth embodiment of the present in- 
vention; 

Fig. 27 Is a schematic circuit diagram showing the 
structure of an even hamnonic mixer according to a 
fifth embodiment of the present Invention; 
Fig. 28 is a schematic circuit diagram showing the 
structure of an even hamnonic mixer according to a 
variant of the fifth embodiment of the present Inven- 
tion; 

Fig. 29 Is a schematic circuit diagram showing the 
structure of an even hamnonic mixer according to a 
sixth embodiment of the present invention; 
Fig. 30 Is a schematic circuit diagram showing the 
structure of an even hamnonic mixer according to a 
variant of the sixth embodiment of the present in- 
vention; 

Fig. 31 is a schematic circuit diagram showing the 
structure of an even hamnonic mixer according to a 
seventh embodiment of the present Invention; 
Fig. 32 Is a schematic circuit diagram showing the 
structure of an even harmonic mixer according to a 
variant of the seventh enrtbodiment of the present 
invention; 

Fig. 33 Is a schematic circuit diagram showing the 
structure of an even hamnonic mixer according to 
an eighth embodiment of the present Invention; and 
Fig. 34 is a schematic circuit diagram showing the 
structure of an even hamnonic mixer according to a 
variant of the eighth embodiment of the present in- 
vention. 

Preferred Embodiments of the Invention 

[00301 Hereafter, to explain the present Invention 
more in detail, the prefenred embodiments which em- 
body the present Invention will be explained with refer- 
ence to the accompanied drawings. Embodiment 1 . 
[0031] Fig. 1 0 Is a schematic circuit diagram showing 
the structure of an even harmonic mixer according to a 
first embodiment of the present Invention. In the figure, 
reference numerals la and lb denote first and second 
diodes, respectively, reference numerals 10a and 10b 
denote first and second resistors, respectively, and ref- 
erence numeral 11 denotes an antiparallel diode pair 
unit (antiparallel diode pair nneans) that consists of the 
first and second diodes 1 a and 1 b and the first and sec- 
ond resistors 1 0a and 1 0b. In the following, the antipar- 
allel diode pair unit Is abbreviated as APDP. As shown 
In Rg. 1 0, In the APDP 11 , the first and second diodes 
1 a and 1 b are connected in parallel so that they are op- 
posite in polarity and the con^esponding resistor is con- 
nected in series to the cathode of each of those diodes. 
In other words, the APDP 11 consists of a first series 
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- unit in which the firat^diode ta and therfirstreslstor 1 0a • 
are connected in series and a second series unit in 
which the second diode 1 b and the second resistor 1 0b 
are connected in series, the first and second series units 
being connected in parallel so that the first and second 
diodes 1a and lb are opposite in polarity. 
[0032] Furthennore, reference numeral 3 denotes a 
demultiplexing circuit, reference numeral 4 denotes a 
HPF included in the demultiplexing circuit 3 and having 
an end connected to an RF temiinal 7, reference numer- 
al 5 denotes a BPF included in the demultiplexing circuit 
3 and having an end connected to both another end of 
the HPF 4 and an end of the APDP 11 . and another end 
connected to an LO tenninal 8, reference numeral 6 de- 
notes a LPF included in the demultiplexing circuit 3 and 
having an end connected to the other end of the H PF 4, 
the end of the BPF 5, and the end of the APDP 11 . and 
another end connected to an IF temilnal 9. The other 
end of the APDP 11 is connected to a ground potential. 
[0033] Next, a description will be made as to the op- 
eration of the even hanmonic mixer according to the first 
embodiment. 

[0034] Fig. 11 is a greph showing a relationship be- 
tween a voltage across the temfiinals of the APDP 11 
and an electric current which flows through the APDP 
1 1 at room temperatures. In the following, the operation 
of the even hamnonlc mixer according to the first em- 
bodiment will be explained with reference to Fig. 1 1 . Like 
a prior art APDP, the APDP 1 1 shows a DC characteristic 
that the electric current hardly flows until the voltage V 
applied across its tenninals reaches a certain value Vt, 
and increases rapidly when V exceeds Vt. Therefore, it 
can be assumed that the APDP 1 1 according to the first 
embodiment to be an element having a DC characteris- 
tic that the electric cun-ent flows only when the following 
condition: V>Vt or VoVt is established, as shown in Fig. 
11. However, a rate of increase of the electric cun-ent 
which flows through the APDP 11 according to an in- 
crease in the tenninal voltage of the APDP 1 1 is smaller 
than that of the prior art APDP 2. The change in the elec- 
tric current which flows through the APDP 11 is an ex- 
tremely small even if the terminal voltage changes 
somewhat. In other words, since the electric current, 
which flows through each diode of the APDP, can be 
l<ept neariy constant regardless of the amplitude of an 
LO wave applied to the APDP and the temperature of 
each diode, variations in the conductance can be re- 
duced. Therefore, when an LO wave is applied to the 
APDP 11 having such a DC characteristic, the amount 
of change in theconverslon gain resultingfrom achange 
in the LO wave electric power and a change in the tem- 
perature of each diode of the APDP can be reduced. 
[0035] Fig. 12 is a graph showing a relationship be- 
tween the electric power of an LO wave applied to the 
APDP 1 1 in which the first and second resistors 1 0a and 
10b are connected in series to the first and second di- 
odes la and lb, respectively, as shown in Fig. 10, and 
theconverslon gain. While the conversion gain increas- 



" * - es rapidly when the electric power of the LO-wave ap^-^ 
plied to the APDP 11 exceeds a threshold value, as in 
the case of the DC characteristic shown in Fig. 11 , the 
conversion gain reaches its maximum value when the 

5 LO wave electric power reaches a predetermined value 
Po, and the conversion gain then decreases slowly as 
the LO wave electric power exceeds Po and increases. 
Thus, the APDP 11 according to the first embodiment 
has a dependence of the conversion gain on the LO 

10 wave electrk; power that the amount of change in the 
conversion gain resulting from a change in the LO wave 
electric power is small when the LO wave electric power 
exceeds the predetenmined value Po. Therefore, the 
amount of change in the conversion gain resultingfrom 

15 the change in the LO wave elec^c power can be re- 
duced. 

[0036] In addition to the above-mentioned advantage 
of providing a small dependence of the conversion gain 
on the LO wave power when the LO wave electric power 
20 exceeds the predetennined value Po, the present inven- 
tion offers another advantage of being able to reduce 
the amount of change in the conversion gain caused by 
a change in the DC characteristic resulting from a 
change in the temperature of each diode of the APDP. 

25 Fig. 13 shows the DC characteristic of the APDP 11 at 
a high temperature and a low temperature of each diode 
as well as the DC characteristic of the APDP 11 at a 
nomnal temperature of each diode. As previously men- 
tioned, a rate of increase of the electric current whbh 

30 flows through the APDP 1 1 according to an increase in 
the tenninal voltage of the APDP 11 is smallerthan that 
of the prior art APDP 2, and the change in the electric 
cun-ent which flows through the APDP 11 is extremely 
small even if the terminal voltage changes somewhat. 

35 As a result, the electric cunrent, which flows through the 
APDP 1 1 , hardly changes if the same tenninal voltage 
is applied to the APDP 1 1 even though the temperature 
of each diode of the APDP changes. Fig. 14 is a graph 
showing a change In the dependence of the conversion 

40 gain of the APDP 1 1 on the LO wave elertric power re- 
sulting from achange in. the temperature of each diode. 
As shown in the figure, while the conversion gain of the 
APDP 1 1 changes somewhat with a change in the tem- 
perature of each diode, the change in the conversion 

45 gain with temperature is very small when the LO wave 
electric power having the predetennined value Po or 
more is applied to the APDP. 

[0037] As previously mentioned, in accordance with 
the first embodiment, the even harmonic mixer makes 
50 it possible to reduce the amount of change of the con- 
version gain resulting from a change in the electrfe pow- 
er of an LO wave applied to the even hannonic mixer 
and a change in the temperature of each diode of the 
APDP. 

55 [0038] Numerous variants may be made in the first 
embodiment mentioned above as follows. 
[0039] Fig. 1 5 is a schematic circuit diagram showing 
the structure of an even hannonic mixer according to a 
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variant of the first embwlirhent. The ^venharmonic mix- 
er according to this variant is a stub demultiplexing mix- 
er. In the figure, the same reference numerals as shown 
in Fig. 1 0 denote the same components as those of the 
even hannonic mixer according to the above-mentioned 
first embodiment or like components. Furthenmore, ref- 
erence numeral 1 2 denotes a line with an open end, hav- 
ing an electrical length equal to one quarter-wavelength 
of an LO wave applied to the even hannonic mixer, and 
reference numeral 13 denotes a line with a short- 
circuited end, having an electrical length equal to one 
quarter-wavelength of the LO wave. 
[0040] The stub demultiplexing mixer shown in Fig. 15 
is used when the frequency of an IF signal applied to 
the even hannonic mixer is lower than the frequency of 
the LO wave. At the frequency of the LO wave, the line 
13 with a short-circuited end is assumed to be open 
when viewed from a node A between the line 1 3 and the 
APDP 11 and the line 12 with an open end is assumed 
to be short-circuited when viewed from a node B be- 
tween the line 12 and the APDP 11. Therefore, the LO 
wave applied to the LO tennlnal 8 flows Into the line 12 
with an open end by way of the APDP 11 . Furthenmore, 
since the frequency of the IF signal is lower than the 
frequency of the LO wave, thefrequency of an RF signal 
applied to the even harmonic mixer becomes about 
twice the frequency of the LO wave. Therefore, at the 
frequency of the RF signal, the line 13 with a short- 
circuited end is assumed to be short-circuited when 
viewed from the node A between the line 13 and the 
APDP 11 and the line 12 with an open end is assumed 
to be open when viewed from the node B between the 
line 12 and the APDP 11 . Therefore, the RF signal ap- 
plied to the RF temiinal 7 flows into the line 13 with a 
short-circuited end by way of the APDP 11. 
[0041] Even in this variant, since the DC characteristic 
of the APDP 11 which consists of the first and second 
resistors 10a and 10b and the first and second diodes 
1 a and 1 b connected in series to those resistors, respec- 
tively,does not greatly depend on a change in the LO 
wave electric power and a change in the temperature of 
each diode, it is possible to control the change in the 
conversion gain resulting from the change in the LO 
wave electric power and the change in the temperature 
of each diode. 

[0042] Although it is assumed that the IF signal is an 
unbalanced signal in the above-mentioned explanation, 
the first embodiment is not limited to the case. Alterna- 
tively, the first embodiment can also be applied to a case 
where the IF signal is a balanced signal. Fig. 16 is a 
schematic circuit diagram showing the structure of an 
even hannonic mixer for mixing an IF signal which is a 
balanced signal according to another variant of the first 
embodiment. In the figure, reference numeral 40 de- 
notes a HPF disposed between the APDP 11 and a 
ground potential, for allowing only an RF signal and an 
LO wave to pass therethrough, and reference numeral 
6b denotes a LPF having an end connected to a node 



- - between the HPF 40 and the APDP 11 ; and another end^*"* * 
connected to an inverted IF tenninal 9b via which the 
inversion of an IF signal is input and output The HPF 
40 may be a simple circuit which consists of only a ca- 
5 pacitor. And, the IF signal which is a balanced signal 
and the inversion of the IF signal are input and output 
by way of the IF tenninal 9a and the inverted IF tenninal 
9b, respectively. Even in the even hamnonic mixer con- 
structed as above, since the DC characteristic of the AP- 
10 DP 11 does not greatly depend on a change in the LO 
wave electric power and a change in the temperature of 
each diode of the APDP, it is possible to control the 
change in the conversion gain resulting from the change 
in the LO wave electric power and the change in the tem- 
15 perature of each diode. 

[0043] Fig. 1 7 is a schematic circuit diagram showing 
the structure of an APDP 1 1 according to another variant 
of the first embodiment In this variant, the first and sec- 
ond resistors 10a and 10b are connected to the anodes 
20 of thefirst and second diodes 1 a and lb which constitute 
the APDP 11 , respectively. When the APDP 11 accord- 
ing to this variant is applied to an even hamnonic mixer, 
the same advantage is provided. In other words, it is 
possible to control the change in the conversion gain 
25 resulting from the change in the LO wave electric power 
and the change in the temperature of each diode of the 
APDP. 

[0044] Fig. 1 8 is a schematic circuit diagram showing 
the stmrture of an APDP 1 1 according to another variant 
30 of the first embodiment In this variant, the first resistor 
1 0a is connected to the cathode of the first diode 1 a and 
the second resistor 1 0b is connected to the anode of the 
second diode 1 b. When the APDP 11 according to this 
variant is applied to an even hannonic mixer, the same 
35 advantage is provided. In other words, it is possible to 
control the change in the conversion gain resulting from 
the change in the LO wave electric power and the 
change in the temperature of each diode. 
[0045] Although the number of resistors connected in 
40 series to each diode included in the APDP 1 1 is one in 
the above-mentioned embodiment and variants, in ac- 
cordance with the present invention the number of re- 
sistors Is not limited to one and a plurality of resistors 
can be connected to each diode of the APDP. Fig. 1 9 is 
45 a schematic circuit diagram showing the stmcture of an 
APDP 11 according to such avariant In this variant, the 
number of resistors connected in series to each diode 
which constitutes the APDP 11 is two, and two resistors 
are connected to both the anode and cathode of each 
50 diode, respectively. When the APDP 11 according to this 
variant is applied to an even harmonic mixer, the same 
advantage is provided. In other words, it is possible to 
control the change in the conversion gain resulting from 
the change in the LO wave electric power and the 
55 change in the temperature of each diode of the APDP. 
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Embodiment 2. - - - .^^..w.^ 

[0046] Fig. 20 is a schematic circuit diagram showing 
the structure of an even harmonic mixer according to a 
second embodiment of the present invention. In the fig- 
ure, the same reference numerals as shown In Fig. 10 
denote the same components as those of the even har- 
monic mixer according to the above-mentioned first em- 
bodiment or like components, and the explanation of 
those components will be omitted hereafter. Further- 
more, in Fig. 20, reference numeral 1 c denotes a third 
diode connected in series to a first diode 1a, and refer- 
ence numeral Id denotes a fourth diode connected In 
series to a second diode lb. Thus, in an APDP 11 ^- 
cording to the second embodiment, a first series unit 
which consists of the two diodes 1a and 1c connected 
In series (cascaded) and a first resistor 10a connected 
in series to those diodes 1 a and 1c, and a second series 
unit which consists of the two remaining diodes lb and 
Id connected in series and a second resistor 10b con- 
nected In series to those diodes 1b and 1 d are connect- 
ed in parallel so that the first set of diodes 1 a and 1 c and 
the second set of diodes lb and Id are opposite in po- 
larity. . 

[0047] Next, a description will be made as to the op- 
eration of the even hamionic mixer according to the sec- 
ond embodiment. 

[0048] The APDP 11 incorporated into the even har- 
monic mixer according to the second embodiment op- 
erates basically In the same way that the APDP 11 ac- 
cording to the above-mentioned first embodiment does. 
Therefore, only a characterized operation of the even 
hamnonic mixer according to the second embodiment 
will be explained in the following. 
[0049] Since two diodes are cascaded in each series 
unit of the APDP 1 1 , the temninal voltage applied to each 
diode stage included In each series unit is reduced to 
half that across each diode included in each series unit 
of the APDP of the even hamrionic mixer of the first em- 
bodiment. In general, distortion to be created in a diode 
grows nonllneariy as the temninal voltage applied to the 
diode increases. Therefore, it is possible to reduce the 
amount of distortion to be created when the level of an 
input signal is Increased as compared with the case 
where only one diode is provided in each series unit. In 
other words, an excellent distortion characteristic is ac- 
quired. 

[0050] Furthermore, needless to say that even in the 
even hamnonlc mixer which employs the APDP 11 con- 
structed as above, since the APDP 1 1 shows a DCchar- 
acteristic that does not greatly depend on a change in 
the LO wave electric power and a change in the temper- 
ature of each diode of the APDP, like the APDP of the 
above-mentioned first embodiment, It is possible to re- 
duce the amount of change in the conversion gain re- 
sulting from the change in the LO wave electric power 
and the change In the temperature of each diode of the 
APDP. 



- [0051] 'The number of diodes dascadediri each series'' 
unit which constitutes the APDP 1 1 is not limited to two, 
and the APDP 1 1 can alternatively be comprised of two 
series units in each of which three or more diodes are 
5 cascaded. This variant makes It possible to further re- 
duce the amount of distortion to be created when the 
level of an input signal is Increased. 

Embodiment 3. 

10 

[0052] Fig. 21 is a schematic circuit diagram showing 
the structure of an even hamnonic mixer according to a 
third embodiment of the present invention. In the figure, 
the same reference numerals as shown in Fig. 10 de- 

is note the same components as those of the even har- 
monic mixer according to the above-mentioned first em- 
bodiment or like components, and the explanation of 
those components will be omitted hereafter. Further- 
more, In Fig. 21 , reference numeral 14a denotes a first 

20 capacitor con nected in parallel to a first resistor 1 0a co n- 
nected in series to a first diode la, and reference nu- 
meral 14b denotes a second capacitor con nected in par- 
allel to a second resistor 10b connected in series to a 
second diode 1 b. Thus, in an APDP 1 1 according to the 

25 third embodiment, a first series unit which consists of 
the first diode 1 a and the first resistor 1 0a connected in 
series, and the first capacitor 14a connected in parallel 
to the first resistor 10a, and a second series unit which 
consists of the second diode 1 b and the second resistor 

30 1 0b connected in series, and the second capacitor 1 4b 
connected In parallel to the second resistor 1 0b are con- 
nected in parallel so that the first and second diodes 1 a 
and lb are opposite in polarity. 
[0053] Next, the operation of the even harmonic mixer 

35 according to the third embodiment will be explained. 
[0054] The description will be made assuming that the 
even hamionic mixer Is the one intended for reception, 
and an RF signal and an LO wave are applied to an RF 
temninal 7 and an LO terminal LO 8, respectively, and 

40 an IF signal is extracted from an IFterminalQ.TheAPDP 
11 incorporated Into the even hamnonic mixer according 
to the third embodiment operates basically in the same 
way that the APDP 11 according to the above-men- 
tioned first embodiment does. Therefore, only a charac- 

45 terized operation of the even hamnonic mixer of the third 
embodiment will be explained in the following. 
[0055] Fig. 22 is a diagram for explaining a flow of an 
RF signal in the APDP 11 according to the third embod- 
iment. Not only an LO wave but also an RF signal should 

50 be applied to the APDP 1 1 when the even hamnonic mix- 
er operates as a mixer for reception. When the even har- 
monic mixer does not include the first and second ca- 
pacitors 14a and 14b (that is, in the case of the above- 
mentioned first embodiment shown in Fig. 10), a voltage 

55 drop is caused in either the first resistor 1 0a or the sec- 
ond resistor 1 0b connected in series to each diode when 
an RF signal is applied to the APDP 11 , and this results 
in a decrease in the voltage of the RF signal applied to 
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"'^•"-"^ach dibderAs a result/the conversion gainis reduced." 
[0056] In contrast, in the APDP 11 according to the 
third embodiment shown in Fig. 22, the RF signal ap- 
plied to the APDP passes through the second capacitor 
1 4b other than the second resistor 1 0b in positive cycles 
of the RF signal. On the other hand, the RF signal pass- 
es the first capacitor 1 4a other than the first resistor 1 0a 
in negative cycles of the RF signal. As a result, since no 
voltage drop is caused because of the first resistor 1 0a 
or the second resistor 10b, it is possible to reduce the 
amount of change in the conversion gain resulting from 
a change in the LO wave electric power of the even har- 
monic mixer and a change In the temperature of each 
diode of the APDP without causing a decrease In the 
conversion gain. 

[0057] The even harmonic mixer according to the third 
embodiment can be used as a mixer for transmission in 
which an IF signal is input and an RF signal and an LO 
wave are output. In this case, the same advantage is 
provided. 

[0058] Numerous variants may be made in the third 
embodiment mentioned above as follows. 
[0059] Although it is assumed that the I F signal is an 
unbalanced signal In the above-mentionedexpianatlon, 
the third embodiment Is not limited to the case. Alterna- 
tively, the third embodiment can also be applied to a 
case where the IF signal Is a balanced signal. Fig. 23 is 
a schematic circuit diagram showing the structure of an 
even hannonic mixer for mixing an IF signal which is a 
balanced signal according to a variant of the third em- 
bodiment. In the figure, reference numeral 40 denotes 
a HPF disposed between the APDP 11 and a ground 
potential, for allowing only an RF signal and an LO wave 
to pass therethrough, and reference numeral 6b de- 
notes a LPF having'an end connected to a node be- 
tween the HPF 40 and the APDP 11 , and another end 
connected to an inverted IF temnlnal 9b. The HPF 40 
may be a simple circuit which consists of only a capac- 
itor. And, the IF signal which is a balanced signal and 
the inversion of the IF signal are input and output by way 
of the IF temnlnal 9a and the inverted IF terminal 9b. 
Even In the even hannonic mixer constructed as above, 
since the DC characteristic of the APDP 11 does not 
greatly depend on achange in the LO wave electric pow- 
er and a change in the temperature of each diode of the 
APDP, it is possible to reduce the amount of change in 
the conversion gain resulting from the change in the LO 
wave electric power and the change in the temperature 
of each diode. 

[0060] In another variant of the third embodiment, 
both first and second resistors 1 0a and 1 0b and first and 
second capacitors 14a and 14b are connected to an- 
odes of the first and second diodes la and lb which 
constitute the APDP 11 , respectively. When the APDP 
11 according to this variant is applied to an even har- 
monic mixer, the same advantage is provided. In other 
words, it Is possible to reduce the amount of change In 
the conversion gain resulting from a change In the LO 



r. wave electric power and a charigelri the temp^^ 
each diode of the APDP. 

[0061 ] Furthemiore, in another variant of the third em- 
bodiment, a first resistor 10a and a first capacitor 14a 

5 are connected to an anode of the first diode la, and a 
second resistor 10b and a second capacitor 14b are 
connected to a cathode of the second diode 1 b. When 
the APDP 11 according to this variant is applied to an 
even hannonic mixer, the same advantage is provided. 

10 In other words, it is possible to reduce the amount of 
change in the conversion gain resulting from a change 
in the LO wave electric power and a change in the tem- 
perature of each diode of the APDP. 
[0062] Furthermore, in another variant of the third em- 

15 bodiment, a parallel circuit in which a resistor and a ca- 
pacitor are connected in parallel is connected to each 
of the anode and cathode of the first diode 1 a, and a 
parallel circuit in which a resistor and a capacitor are 
connected in parallel i§ connected to each of the anode 

20 and cathode of the second diode 1 b. When the APDP 
11 according to this variant is applied to an even har- 
monic mixer, the same advantage is provided. In other 
words, it is possible to reduce the amount of change in 
the conversion gain resulting from a change In the LO 

25 wave electric power an d a change I n the temperature of 
each diode of the APDP. 

[0063] Although the number of diodes included in 
each series unit which constitutes the APDP 11 is one 
in the above-mentioned third embodiment and variants, 

30 the number of diodes is not limited to one and two or 
more diodes can be cascaded in each series unit of the 
APDP 11. This variant makes it possible to further re- 
duce the amount of distortion to be created when the 
level of an Input signal is Increased, as previously men- 

35 tioned in Embodiment 2. 

Embodiment 4. 

[0064] Fig. 24 is a schematic circuit diagram showing 

40 the structure of an even harmonic mixer according to a 
fourth embodiment of the present invention. In the fig- 
ure, the same reference numerals as shown in Fig. 10 
denote the same components as those of the even har- 
monic mixer according to the above-mentioned first em- 

45 bodiment or like components, and the explanation of 
those components will be omitted hereafter. Further- 
more, in Fig. 24, reference numeral 15a denotes a first 
capacitor having an end connected to a node between 
a cathode of a first diode 1 a and a first resistor 1 0a. and 

50 reference numeral 1 5b denotes a second capacitor hav- 
ing an end connected to a node between an anode of a 
second diode 1 b and a second resistor 1 0b. In an APDP 
11 according to the fourth embodiment, the first resistor 
1 0a is connected to the cathode of the first diode 1 a In 

55 a first series unit and the second resistor 1 0b is connect- 
ed to the anode of the second diode 1 b in a second se- 
ries unit so that the first and second resistors 1 0a and 
1 0b are connected to each other at an end of the APDP 
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[0065] The other ends of the first and second capac- 
itors 15a and 15b are connected to each other, and fur- 
thennore, a node between them is connected to an RF 
terminal 7 by way of a HPF 4 and is also connected to 
an LO temiinal 8 by way of a BPF 5. Furthemnore, a 
node between the first and second resistors 10a and 
10b is connected to an IF terminal 9. Each of the first 
and second capacitors 15a and 15b has a capacitance 
that is set to a value to allow an RF signal and an LO 
wave to pass therethrough and to block an IF signal. 
[0066] Next, the operation of the even hamnonic mixer 
according to the fourth embodiment will be explained. 
[0067] The description will be made assuming that the 
even hanmonic mixer is the one intended for reception, 
and an RF signal and an LO wave are applied to the RF 
ternilna! 7 and the LO terminal 8, respectively, and an 
IF signal is extracted fromthe IF terminal 9. Fig. 25 
shows a flow of the RF signal In the APDP 11 according 
to the fourth embodiment. The RF signal applied to the 
APDP 11 passes through the first capacitor 15a or the 
second capacitor 1 5b, and then enters the first diode 1 a 
or the second diode 1 b. Therefore, any voltage drop in 
the RF signal according to the resistor connected in se- 
ries to each diode is not caused, as in the case of the 
third embodiment. On the other hand, since a direct cur- 
rent is blocked by the first and second capacitors 15a 
and 15b, a parallel circuit constructed of the first series 
unit which consists of the first diode la and the first re- 
sistor 1 0a and the second series unit which consists of 
the second diode 1 b and the second resistor 1 0b, oper- 
ates like the APDP according to the above-mentioned 
first embodiment. Therefore, even in the even hamnonic 
mixer which employs the APDP 11 constructed as 
above, since the DCcharacteristteof the APDP 11 does 
not greatly depend on a change in the LO wave electric 
power and* a change in the temperature of each diode 
of the APDP, it is possible to reduce the amount of 
change in the conversion gain resulting from the change 
in the LO wave electric power and the change in the tem- 
perature of each diode of the APDP. 
[0068] In addition, since the IF signal generated by 
the first diode la or the second diode lb is blocked by 
the first and second capacitors 1 5a and 1 5b, the IF sig- 
nal is output by way of the IF temninai 9 connected to 
the node between the first and second resistors 1 0a and 
10b. At this time, the RF signal is blocked by the first 
and second resistors 1 0a and 1 0b and does not appear 
at the IF tenninal 9 because the impedance of each of 
the first and second capacitors 15a and 15b is smaller 
than the resistance of each of the first and second re- 
sistors 10a and 10b. Therefore, a LPF for allowing only 
an IF signal to pass therethrough, which is needed in 
the above-mentioned embodiments, becomes unnec- 
essary. 

[0069] The even hamnonb mixer according to the 
fourth embodiment is available as a mixer for transmis- 
sion whbh inputs an IF signal and outputs an RF signal 



' - - and an LO wave, and offers the same* advantages." " * 
[0070] Numerous variants may be made in the fourth 
embodiment mentioned above as follows. 
[0071] Although It is assumed that the IF signal is an 

5 unbalanced signal in the above-mentk>ned explanation, 
the fourth embodiment is not limited to the case. Alter- 
natively, the fourth embodiment can also be applied to 
a case where the IF signal is a balanced signal. Fig. 26 
is a schemata circuit diagram showing the structure of 

10 an even hamnonic mixer for mixing an I F signal which is 
a balanced signal according to a variant of the fourth 
embodiment. In the figure, reference numeral 40 de- 
notes a IHPF disposed between the APDP 11 and a 
ground potential, for altowing only an RF signal and an 

15 LO wave to pass therethrough, and reference numeral 
6b denotes a LPF having an end connected to a node 
between the HPF 40 and the APDP 11 , and another end 
connected to an inverted IF terminal 9b. The HPF 40 
may be a simple circuit whteh consists of only a capac- 

20 itor. And, the IF signal whbh is a balanced signal and 
the inversion of the IFsignal are input arid output by way 
of the IF temninal 9a and the inverted IF temninal 9b. 
Since the even hamnonic mixer according to this variant 
operates like the even harmonb mixer of Fig.1 6 and the 

25 APDP 1 1 shows a DC characteristic that does not great- 
ly depend on a change in the LO wave electric power 
and a change in the temperature of each diode of the 
APDP, like that as shown in Fig. 24, it is possible to re- 
duce the amount of change in the conversion gain re- 

30 suiting from the change in the LO wave electric power 
and the change in the temperature of each diode of the 
APDP. 

[0072] Although the number of diodes included in 
each series unit which constitutes the APDP 11 is one 

35 in the above-mentioned fourth embodiment and vari- 
ants, the number of diodes is not limited to one and two 
or more diodes can be cascaded in each series unit of 
the APDP. This variant makes it possible to further re- 
duce the amount of distortion to be created when the 

40 level of an input signal is increased. 

Embodiment 5. 

[0073] Rg. 27 is a schematic circuit diagram showing 
45 the structure of an even hamnonic mixer according to a 
fifth embodiment of the present invention. In the figure, 
the same reference numerals as shown in Fig, 21 de- 
note the same components as those of the even har- 
monic mixer according to the above-menttoned third 
50 embodiment or like components, and the explanation of 
those components will be omitted hereafter. In an APDP 
1 1 according to the fifth embodiment, a first resistor 1 0a 
is connected to a cathode of a first diode la in a first 
series unit of the APDP and a second resistor 10b is 
55 connected to an anode of a second diode 1 b in a second 
series unit of the APDP so that the first and second re- 
sistors 1 0a and 1 0b are connected to each other at an 
end of the APDP. Furthemnore, a first capacitor 14a is 
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" connected in parallel to the f irst resistor 1 0a and a sec^ 
ond capacitor 14b Is connected In parallel to the first re- 
sistor 10b. A node between the first and second resis- 
tors 1 0a and 10b Is connected to an IF tennlnal 9. 
[0074] Furthermore, in Fig. 27, reference numeral 1 5a 
denotes a third capacitor having an end connected to a 
node between the cathode of the first diode 1 a and the 
first resistor 10a, and reference numeral 15b denotes a 
fourth capacitor having an end connected to a node be- 
tween the anode of the second diode 1 b and the second 
resistor 10b. The other ends of the third and fourth ca- 
pacitors 15a and 15b are connected to each other, and 
a node between them is connected to an RF terminal 7 
by way of a HPF 4 and is also connected to an LO ter- 
minal 8 by way of a BPF 5. Each of the first and second 
capacitors 14a and 14b has a capacitance that is set to 
allow an IF signal to pass therethrough, and each of the 
third and fourth capacitors 15a and 15b has a capaci- 
tance that is set to allow an RF signal and an LO wave 
to pass therethrough, and to blocl« the IF signal. 
[0075] Next, the operation of the even hanmonic mixer 
according to the fifth embodiment will be explained. 
[0076] The description will be made assuming that the 
even hamionic mixer Is the one intended for reception, 
and an RF signal and an LO wave are applied to the RF 
temriinal 7 and the LO terminal 8, respectively, and an 
IFsignal is extracted from the IF terminal 9. In the above- 
mentioned fourth embodiment shown in Fig. 24, the IF 
signal passes through the first resistor 1 0a orthe second 
resistor 1 0b and is output to the IF terminal 9. Therefore, 
the IF signal may be attenuated because of the first re- 
sistor 1 0a or the second resistor 1 0b. in contrast, in the 
fifth embodiment, since the first and second capacitors 
14a and 14b are connected in parallel to the first and 
second resistors 1 0a and 1 0b, respectively, the IF signal 
is output to, byway of the I F temninal 9, outside the mixer 
without being attenuated because of the first and sec- 
ond resistors 1 0a and 1 0b by setting the capacitance of 
each of the first and second capacitors 14a and 14b to 
a value to allow the IF signal to pass therethrough. 
[0077] Thus, neither the first capacitor 14a nor the 
second capacitor 14b has an influence on the electric 
currents which flow through the first diode 1 a and the 
second diode lb Included in the two series units of the 
APDP 11, respectively, and therefore the electric cur- 
rents which flow through the first diode 1 a and the sec- 
ond diode 1 b can be kept constant with the first resistor 
10a orthe second resistor 10b. Thus, even in the even 
harmonic mixer which employs the APDP 11 constmct- 
ed as above, since the DC characteristic of the APDP 
1 1 does not greatly depend on a change in the LO wave 
electric power and a change in the temperature of each 
diode of the APDP, it is possible to reduce the amount 
of change in the conversion gain resulting from the 
change in the LO wave electric power and the change 
in the temperature of each diode of the APDP. 
[0078] The even harmonic mixer according to the fifth 
embodiment is available as a mixer for transmission 



~ - *whlch inputs an IFsignaUnd oOtputs both'^ahflF signal - - 
and an LO wave, and offers the same advantages. 
[0079] Numerous variants may be made in the fifth 
embodiment mentioned above as follows. 

5 [0080] Although it is assumed that the IF signal is an 
unbalanced signal in the above-mentioned explanation, 
the fifth embodiment is not limited to the case. Altema- 
tivety, the fifth embodiment can also be applied to a case 
where the IF signal Is a balanced signal. Fig. 28 is a 

10 schematic circuit diagram showing the structure of an 
even hamnonic mixer for mixing an IF signal which is a 
balanced signal according to a variant of the fifth em- 
bodiment. In the figure, reference numeral 40 denotes 
a HPF disposed between the APDP 11 and a ground 

15 potential, for allowing only an RF signal and an LO wave 
to pass therethrough, and reference numeral 6b de- 
notes a LPF having an end connected to a node be- 
tween the HPF 40 and the APDP 11 , and another end 
connected to an Inverted IF terminal 9b. The HPF 40 

20 may be a simple circuit wh ich consists of only a capac- 
itor. And, the IF signal which is a balanced signal and 
the inversion of the IFsignal are input and output by way 
of the IF temiinal 9a and the inverted IF temninal 9b. 
Since the even hamionic mixer according to this variant 

25 operates like the even hamionic mixer of Fig. 16 and the 
APDP 1 1 shows a DC characteristic that does not great- 
ly depend on a change in the LO wave electric power 
and a change in the temperature of each diode of the 
APDP, like that as shown in Fig. 27, it Is possible to re- 

30 duce the amount of change in the conversion gain re- 
sulting from the change in the LO wave electric power 
and the change In the temperature of each diode of the 
APDP. 

[0081] Although the number of diodes included in 
35 each series unit which constitutes the APDP 11 is one 
in the above-mentioned fifth embodiment and variants, 
the number of diodes is not limited to one and two or 
more diodes can be cascaded in each series unit of the 
APDP. This variant makes it possible to further reduce 
40 the amount of distortion to be created when the level of 
an input signal is increased, as mentioned in Embodi- 
ment 2. 

Embodiment 6. 

45 

[0082] Fig. 29 is a schematic circuit diagram showing 
the structure of an even harmonic mixer according to a 
sixth embodiment of the present invention. In the figure, 
the same reference numerals as shown in Fig. 10 de- 

50 note the same components as those of the even har- 
monic mixer according to the above-mentioned first em- 
bodiment or like components, and the explanation of 
. those components will be omitted hereafter. In an APDP 
1 1 according to the sixth embodiment, a first resistor 1 0a 

55 is connected to a cathode of a first diode la in a first 
series unit of the APDP and a second resistor 10b is 
connected to an anode of a second diode 1 b in a second 
series unit of the APDP so that the first and second re- 
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-sistors 1 0a ahd 1 0b are'connected'to each other at an 
end of the APDP. 

[0083] Furthennore, in Fig. 29, reference numeral 1 7a 
denotes a first capacitor having an end connected in se- 
ries to an anode of the first diode 1 a, reference numeral 
1 7b denotes a second capacitor having an end connect- 
ed In series to a cathode of the second diode 1 b, refer- 
ence numeral 18a denotes a third capacitor having an 
end connected to a node between the cathode of the 
first diode 1 a and the first resistor 1 0a, reference numer- 
al 18b denotes a fourth capacitor having an end con- 
nected to a node between the anode of the second diode 
lb and the second resistor 10b, reference numeral 1 9a 
denotes a third resistor having an end connected to a 
node between the anode of the first diode 1 a and the 
first capacitor 17a, and reference numeral 19b denotes 
a fourth resistor having an end connected to a node be- 
tween the cathode of the second diode 1 b and the sec- 
ond capacitor 1 7b. The other ends of the first and sec- 
ond capacitors 1 7a and 1 7b are connected to each other 
and a node between them is connected to a ground po- 
tential. The first and second resistors 10a and 10b are 
connected to each other and a node between them Is 
connected to an IF temninal 9a. The third and fourth re- 
sistors 1 9a and 1 9b are connected to each other and a 
node between them is connected to an inverted IF ter- 
minal 9b. The other ends of the third and fourth capac- 
itors 18a and 18b are connected to other, and a node 
between them is connected to an RF tenninal 7 by way 
of a HPF 4 and is also connected to an LO temninal 8 
by way of a BPF 5. Each of the first and second capac- 
itors 17a and 17b and the third and fourth capacitors 
1 8a and 1 8b has a capacitance set to a value which al- 
lows an RF signal and an LO wave to pass therethrough 
and blocks an IF signal. 

[0084] Next, the operation of the even hamionic mixer 
according to the sixth embodiment will be explained. 
[0085] The description will be made assuming that the 
even hamionic mixer is the one Intended for reception 
in which an RF signal and an LO wave are applied to 
the RF temninal 7 and the LO temiinal 8, respectively, 
and an IF signal and the inversion of the IF signal are 
extracted from the IFtermlnal 9a and the inverted IF ter- 
minal 9b, respectively. 

[0086] The RF signal applied to the RF temninal 7 is 
input to the APDP 11 by wayoftheHPF4.Theinput RF 
signal Is then f umished to either the first diode 1 a or the 
second diode 1 b by way of the third capacitor 1 8a or the 
fourth capacitor 1 8b, and further reaches the ground po- 
tential by way of either the first capacitor 1 7a or the sec- 
ond capacitor 17b. Therefore, any voltage drop in the 
RF signal is not caused because of the first through 
fourth resistors 10a, 10b, 19a, and 19b. On the other 
hand, since a direct current is blocked by the first 
through fourth capacitors 1 7a, 1 7b, 1 8a, and 1 8b, a par- 
allel circuit, which consists of a series unit (which differs 
from the first series unit) In which the first diode 1 a and 
the first and third resistors 10a and 19a are connected 



to each other and anotherseries u nit (which differslrom"^' 
the second series unit) in which the second diode lb 
and the second and fourth resistors 10b and 19b are 
connected to each other, operates like the APDP ac- 

5 cording to the above-mentioned first embodiment. 
Therefore, even in the even hamnonic mixer which em- 
ploys the APDP 11 constructed as above, since the DC 
characteristic of the APDP 11 does not greatly depend 
on a change in the LO wave electrk; power and a change 

10 in the temperature of each diode of the APDP, it is pos- 
sible to reduce the amount of change in the conversion 
gain resulting from the change in the LO wave electric 
power and the change in the temperature of each diode 
oftheAPDR 

15 [0087] Furthemnore, because the IF signal generated 
by either the first diode la or the second diode 1b Is 
blocked by the first and second capacitors 1 7a and 1 7b 
and the third and fourth capacitors 18a and 18b, the IF 
signal and the Inversion of the IF signal are output from 

20 a node between the first and second resistors 1 0a and 
10b and a node between the third and fourth resistors 
19a and 19b, respectively. At this time, the RF signal is 
blocked by the first through fourth resistors 10a, 10b, 
1 9a, and 1 9b and does not appear at the IF temiinal 9a 

25 and the inverted IF temninal 9b because each of the first 
through fourth capacitors 17a, 17b, 18a, and 18b has 
an impedance smaller than the resistance of each of the 
first through fourth resistors 10a, 10b, 19a, and 19b. 
Therefore, the even hamnonic mixer of the sixth embod- 

30 iment makes it possible to output the IF signal as a bal- 
anced signal even if there is no low-pass filter that allows 
only IF signals to pass therethrough, though such a low- 
pass fitter is needed in the first through third embodi- 
ments mentioned above. 

35 [0088] The even hamnonic mixer according to the 
sixth embodiment is available as a mixer for transmis- 
sion which inputs an IF signal and outputs both an RF 
signal and an LO wave, and offers the same advantag- 
es. 

40 [0089] Numerous variants may be made in the sixth 
embodiment mentioned above as follows. 
[0090] Although it is assumed that the IF signal is an 
unbalanced signal in the above-mentioned explanation, 
the sixth embodiment is not limited to the case. Altema- 

45 lively, the sixth embodiment can also be applied to a 
case where the IF signal is a balanced signal. Fig. 30 is 
a schematic circuit diagram showing the stmcture of an 
even hamnonic mixer for mixing an IF signal which is a 
balanced signal according to a variant of the sixth em- 

50 bodlment. In this variant, the inverted IF temninal 9b con- 
nected to the node between the third and fourth resistors 
19a and 19b is removed, the first resistor 10a, the first 
diode la, and the first capacitor 17a are connected in 
series in the first series unit, and the second resistor 

55 1 0b, the second diode 1 b, and the second capacitor 1 7b 
are connected in series in the second series unit. As a 
result, the I F signal is Input and output as an unbalanced 
signal only to and from the IF terminal 9. Even in this 
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" wiantrsince the'APDP- 1 1 shows'aiDe icharacteristic ' ^ 
that does not greatly depend on a change in the LO 
wave electric power and a change in the temperature of 
each diode of the APDP, lilce that as shown in Fig. 27, it 
is possible to reduce the amount of change in the con- 
version gain resulting from the change in the LO wave 
electric power and the change in the temperature of 
each diode of the APDP. 

[0091] Although the number of diodes included in 
each series unit which constitutes the APDP 11 is one 
in the above-mentioned sixth embodiment and variants, 
the number of diodes is not limited to one and two or 
more diodes can be cascaded in each series unit of the 
APDP. This variant malces it possible to further reduce 
the amount of distortion to be created when the level of 
an input signal is increased, as mentioned in Embodi- 
ment 2. 

Embodiment 7. 

[0092] Fig. 31 is a schematic circuit diagram showing 
the structure of an even harmonic mixer according to a 
seventh embodiment of the present Invention. In the fig- 
ure, the same reference numerals as shown in Fig. 10 
denote the same components as those of the even har- 
monic mixer according to the above-mentioned first em- 
bodiment or like components, and the explanation of 
those components will be omitted hereafter. In an APDP 
1 1 according to the seventh embodiment, a first resistor 
10a is connected to a cathode of a first diode la in a 
first series unit of the APDP and a second resistor 1 0b 
is connected to an anode of a second diode 1 b in a sec- 
ond series unit of the APDP so that the first and second 
resistors 10a and 10b are connected to each other at 
an end of the APDP 11. 

[0093] Furthemrtore, in Fig. 31 , reference numeral 1 0c 
denotes a third resistor having an end connected in se- 
ries to an anode of the first diode 1 a, reference numeral 
lOd denotes a fourth resistor having an end connected 
in series to a cathode of the second diode 1 b, reference 
numeral 1 6a denotes a first capacitor connected in par- 
allel to the third resistor 1 0c, reference numeral 1 6b de- 
notes a second capacitor connected in parallel to the 
fourth resistor 10d, reference numeral 18a denotes a 
third capacitor having an end connected to a node be- 
tween the cathode of the first diode la and the first re- 
sistor 1 0a, and reference numeral 1 8b denotes a fourth 
capacitor having an end connected to a node between 
the anode of the second diode 1 b and the second resis- 
tor 10b. The first and second resistors 10a and 10b are 
connected to each other and a node between them is 
connected to an IF terminal 9a. The other ends of the 
third and fourth resistors 10c and lOd is connected to 
each other, and a node between them is connected to 
an inverted IF temiinal 9b by way of a LPF 6 and is also 
connected to a ground potential by way of a HPF 40. 
The other ends of the third and fourth capacitors 18a 
and 18b are connected to each other, and a node be- 



~ - tweeri them is connected to an RF terifiinal? by W&y'6f^'* 
the HPF 40 and is also connected to an LO temninal 8 
by way of a BPF 5. Each of the first through fourth ca- 
pacitors 16a, 16b, 18a, and 18b has a capacitance set 

5 to a value which allows an RF signal and an LO wave 
to pass therethrough and blocks an IF signal. 
[0094] Next, the operation of the even hamionic mixer 
according to the seventh embodiment will be explained. 
|P095] The description will be made assuming that the 

fo even hamionic mixer is the one intended for reception 
in which an RF signal and an LO wave are applied to 
the RF tenminal 7 and the LO temiinal 8, respectively, 
and an IF signal and the inversion of the IF signal are 
extracted from the IF temrilnal 9a and the inverted IF tor- 
's minal 9b, respectively. 

[0096] The RF signal applied to the RF tenninal 7 Is 
input to the APDP 11 by way of the HPF 40. The input 
RF signal is then furnished to either the first diode 1 a or 
the second diode lb by way of the third capacitor 18a 

20 or the fourth capacitor 1 8b, and further reaches the 
ground potential by way of either the first capacitor 1 6a 
or the second capacitor 1 6b and by way of the HPF 40. 
Therefore, any voltage drop in the RF signal is not 
caused because of the first through fourth resistors 1 0a, 

25 10b, 10c, and lOd. On the other hand, since a direct 
cun^ent is blocked by the third and fourth capacitors 1 Ba 
and 1 8b, a parallel circuit, which consists of the first se- 
ries unit in which the first diode 1 a and the first and third 
resistors 10a and 10c are connected to each other and 

30 the second series unit in which the second diode 1 b and 
the second and fourth resistors 10b and lOd are con- 
nected to each other, operates like the APDP according 
to the above-mentioned first embodiment. Therefore, 
even in the even harmonic mixer whk:h employs the AP- 

35 DP 1 1 constructed as above, since the DC characteristic 
of the APDP 1 1 does not greatly depend on a change In 
the LO wave electric power and a change in the temper- 
ature of each diode of the APDP, it is possible to reduce 
the amount of change in the conversion gain resulting 

40 from the change in the LO wave electric power and the 
change in the temperature of each diode of the APDP. 
[0097] Furthermore, because the IF signal generated 
by either the first diode la or the second diode lb is 
blocked by the first through fourth capacitors 1 6a, 1 6b, 

45 18a and 18b, the IF signal and the inversion of the IF 
signal are output from a node between the first and sec- 
ond resistors 1 0a and 1 0b and a node between the third 
and fourth resistors 10c and lOd, respectively. At this 
time, the RF signal Is blocked by the first through fourth 

50 resistors 10a, 10b, 10c, and lOd and does not appear 
at the IFtemninal 9a and the inverted IFtemninal 9b be- 
cause each of the first through fourth capacitors 16a, 
16b, 18a, and 18b has an impedance smaller than the 
resistance of each of the first through fourth resistors 

55 10a, 10b, 10c, and lOd. Therefore, the even hamionic 
mixer of the seventh embodiment makes it possible to 
output the IF signal as a balanced signal even if there 
Is no low-pass fitter that allows only IF signals to pass 
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'therethrough; though^such'a low^ass filter is needed In 
the first through third embodiments mentioned above. 
[0098] The even hamnonlc mixer according to the sev- 
enth embodiment is avaitable as a mixer for transmis- 
sion which inputs an iF signal and outputs both an RF 
signal and an LO wave, and offers the same advantag- 
es. 

[0099] Numerous variants may be made in the sev- 
enth embodiment mentioned above as follows. 
[0100] Although it is assumed that the IF signal is an 
unbalanced signal in the above-mentioned explanation, 
the seventh embodiment is not limited to the case. Al- 
tematively, the seventh embodiment can also be applied 
to a case where the IF signal Is a balanced signal. Fig. 
32 is a schematic circuit diagram showing the structure 
of an even hamnonic mixer for mixing an IF signal which 
is a balanced signal according to a variant of the seventh 
embodiment. In this variant, the inverted IFtemiinai 9b 
connected, by way of the LPF 6, to the node between 
the third and fourth resistors 10c and 10d is removed. 
As a result, the IF signal is input and output as an un- 
balanced signal only to and from the I F tenninal 9. Even 
In this variant, since the APDP 1 1 shows a DC charac- 
teristic that does not greatly depend on a change in the 
LO wave electric power and a change in the temperature 
of each diode of the APDP, like that as shown in Fig. 27, 
it Is possible to reduce the amount of change in the con- 
version gain resulting from the change in the LO wave 
electric power and the change in the temperature of 
each diode of the APDP. 

[0101] Although the number of diodes included in 
each series unit which constitutes the APDP 11 is one 
in the above-mentioned seventh embodiment and vari- 
ants, the number of diodes is not limited to one and two 
or more diodes can be cascaded in each series unit of 
the APDP. This variant makes it possible to further re- 
duce the amount of distortion to be created when the 
level of an input signal is increased, as mentioned in 
Embodiment 2. 

Embodiment 8. 

[01 02] Fig. 33 is a schematic circuit diagram showing 
the structure of an even harmonic mixer according to an 
eighth embodiment of the present invention. In the fig- 
ure, the same reference numerals as shown in Fig. 21 
denote the same components as those of the even har- 
monte mixer according to the above-mentioned third 
embodiment or like components, and the explanation of- 
those components will be omitted hereafter. In an APDP 
11 according to the eighth embodiment, a first resistor 
10a is connected to a cathode of a first diode la in a 
first series unit of the APDP and a second resistor 1 0b 
is connected to an anode of a second diode 1 b in a sec- 
ond series unit of the APDP so that the first and second 
resistors 10a and 10b are connected to each other at 
an end of the APDP 1 1 . A first capacitor 1 4a is connect- 
ed in parallel to the first resistor 10a, and a second ca- 



' • pacitor 1 4b Is connected in parallel to the s^ndTesIs- " 
tor 10b. 

[01 03] Furthennore, in Fig. 33, reference numeral 20a 
denotes a third capacitor having an end connected in 

5 series to an anode of the first diode la, reference nu- 
meral 20b denotes a fourth capacitor having an end con- 
nected in series to a cathode of the second diode lb, 
reference numeral 21a denotes a third resistor having 
an end connected to a node between the anode of the 

10 first diode 1 a and the third capacitor 20a, and reference 
numeral 21b denotes a fourth resistor having an end 
connected to a node between the cathode of the second 
diode 1 b and the fourth capacitor 20b. A node between 
the first and second resistors 1 0a and 1 0b is connected 

15 to an RF tenninal 7 by way of a HPF 4, an LO terminal 
8 by way of a BPF 5, and an IF tenninal 9a by way of 
the LPF 6. The other ends of the third and fourth resis- 
tors 21 a and 21 b is connected to each other, and anode 
between them is connected to an inverted IF terminal 

20 9b. The other ends of the third and fourth capacitors 20a 
and 20b are connected to each other, and a node be- 
tween them is connected to a ground potential. Each of 
the first through fourth capacitors 14a, 14b, 20a, and 
20b has a cap^itance set to a value which allows an 

25 RF signal and an LO wave to pass therethrough and 
blocks an IF signal. 

pi 04] Next, the operation of the even hannonic mixer 
according to the eighth embodiment will be explained. 
[01 05] The description will be made assuming that the 

30 even hannonic mixer is the one intended for reception 
in which an RF signal and an LO wave are applied to 
the RF temiinal 7 and the LO tenninal 8, respectively, 
and an IF signal and the inversion of the IF signal are 
extracted from the IF terminal 9a and the Inverted IF ter- 

35 minal 9b, respectively. 

[0108] The RF signal applied to the RF tenninal 7 is 
input to the APDP 1 1 by way of the H PF 4. The input RF 
signal is then fumished to either the first diode 1 a or the 
second diode 1 b by way of the first capacitor 1 4a or the 

40 second capacitor 14b, and further reaches the ground 
potential by way of either the third capacitor 20a or the 
fourth capacitor 20b. Therefore, any vottage drop in the 
RF signal is not caused because of the first through 
fourth resistors 10a, 10b, 21a, and 21b. On the other 
hand, since a direct current is blocked by the third and 
fourth capacitors 20a and 20b, a parallel circuit, which 
consists of the first series unit in which the first diode 1 a 
and the first and third resistors 10a and 21a are con- 
nected to each other and the second series unit in which 

50 the second diode 1 b and the second and fourth resistors 
1 0b and 21 b are connected to each other, operates like 
the APDP according to the above-mentioned first em- 
bodiment. Therefore, even In the even hamnonic mixer 
which employs the APDP 11 constructed as above, 

55 since the DC characteristic of the APDP 11 does not 
greatly depend on a change in the LO wave electric pow- 
er and a change in the temperature of each diode of the 
APDP, it is possible to reduce the amount of change in 



15 



29 



EP1300827A1 



30 



the conversion gain resCiltingtromlhe cfenge'ih the 
wave electric power and the change in the temperature 
of each diode of the APDP. 

[01 07] Furthermore, because the IF signal generated 
by either the first diode 1a or the second diode 1b is 
blocked by the first through fourth capacitors 14a, 14b, 
20a and 20b, the IF signal and the inversion of the IF 
signal are output from a node between the first and sec- 
ond resistors 1 0a and 1 0b and a node between the third 
and fourth resistors 21a and 21b, respectively. At this 
time, the RF signal is blocked by the first through fourth 
resistors 10a, 10b, 21a, and 21b and does not appear 
at the IF tenninal 9a and the inverted IF temninal 9b be- 
cause each of the first through fourth capacitors 14a, 
14b, 20a, and 20b has an impedance smaller than the 
resistance of each of the first through fourth resistors 
10a, 10b, 21a, and 21b. Therefore, the even harmonic 
mixer of the eighth embodiment makes It possible to out- 
put the IF signal as a balanced signal even If there is no 
low-pass filter that allows only IF signals to pass there- 
through, though such a low-pass filter is needed in the 
first through third embodiments mentioned above. 
[0108] The even harmonk: mixer according to the 
. eighth embodiment Is available as a mixer for transmis- 
sion which inputs an IF signal and outputs both an RF 
signal and an LO wave, and offers the same advantag- 
es. 

[01 09] Numerous variants may be made in the eighth 
embodiment mentioned above as follows. 
[01 1 0] Although it is assumed that the I F signal is an 
unbalanced signal in the above-mentioned explanation, 
the eighth embodiment is not limited to the case. Alter- 
natively, the eighth embodiment can also be applied to 
a case where the IF signal is a balanced signal. Fig. 34 
is a schematic circuit diagram showing the structure of 55 
an even harmonic mixer for mixing an IF signal which is 
a balanced signal according to a variant of the eighth 
embodiment. In this variant, the inverted IF temninal 9b 
connected to the node between the third and fourth re- 
sistors 21a and 21b is removed, the first resistor 10a, 40 
the first diode la, and the third capacitor 20a are con- 
nected in series In the first series unit, and the second 
resistor 10b, the second diode 1 b, and the fourth capac- 
itor 20b are connected In series in the second series 
unit. As a result, the IF signal is input and output as an ^ 
unbalanced signal only to and from the IF terminal 9a. 
Even In this variant, since the DC characteristic of the 
APDP 11 does not greatly depend on a change in the 
LO wave electrk; power and a change In the temperature 
of each diode of the APDP, it is possible to reduce the so 
amount of change in the conversion gain resulting from 
the change in the LO wave electric power and the 
change in the temperature of each diode of the APDP. 
[0111] Although the number of dbdes Included in 
each series unit which constitutes the APDP 11 is one 55 
in the above-mentioned eighth embodiment and vari- 
ants, the number of diodes is not limited to one and two 
or more dbdes can be cascaded in each series unit of 



the 'APDP. This"variant rtiakes it' possible' toiurthfer/e-"' 

duce the amount of distortion to be created when the 
level of an input signal is increased, as mentioned in 
Embodiment 2. 

5 

Industrial Applicability 

[01 1 2] As mentioned above, the even harmonk; mixer 
in accordance with the present Invention is suitable for 
10 a quadrature modulator and a quadrature demodulator 
for use in transmitter-receivers of a radio communica- 
tions system. 

15 Claims 

1 . An even hanmonb mixer comprising: 

an antiparallel diode pair means including a first 
20 series unit in which a first diode and a first re- 

sistor are connected in series and a second se- 
ries unit in which a second diode and a second 
resistor are connected in series, said first and 
second series units being connected in parallel 
25 so that said first and second diodes are oppo- 

site in polarity. 

2. The even hamnonb mixer according to Claim 1 , 
wherein said first series unit has a plurality of diodes 

30 in series which are connected in series to said first 
resistor and which includes said first diode, and said 
second series unit has a plurality of diodes in series 
which are connected In series to said second resis- 
tor and whteh Includes said second diode. 

3. The even hamnonic mixer according to Claim 1, 
wherein said first series unit has a first capacitor 
connected in parallel to said first resistor and said 
second series unit has a second capacitor connect- 
ed In parallel to said second resistor. 

4. The even harmonk: mixer according to Claim 1, 
wherein said first resistor is connected to a cathode 
of said first diode In said first series unit and said 
second resistor is connected to an anode of said 
second diode in said second series unit so that said 
first and second resistors are connected to each 
other at an end of said antiparallel diode pair 
means, and wherein said even harmonic mixer 
comprises a first capacitor having an end connect- 
ed to a node between said first resistor and said first 
diode and a second capacitor having an end con- 
nected to a node between said second resistor and 
said second diode, an IF signal Is input and output 
by way of a node between said first and second re- 
sistors, other ends of said first and second capaci- 
tors are connected to each other, an LO wave is ap- 
plied to a node between the other ends of said first 
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^ and'second capacitors; and an RF signal^lsinput 
and output by way of the node between the other 
ends of said first and second capacitors. 

The even hamrionic mixer according to Claim 3, 
wherein said first resistor Is connected to a cathode 
of said first diode in said first series unit and said 
second resistor is connected to an anode of said 
second diode In said second series unit so that said 
first and second resistors are connected to each 
other at an end of said antiparallel diode pair 
means, and wherein said even hamionic mixer 
comprises a third capacitor having an end connect- 
ed to a node between said first resistor and said first 
diode and a fourth capacitor having an end connect- 
ed to a node between said second resistor and said 
second diode, an IF signal is input and output by 
way of a node between said first and second resis- 
tors, other ends of said third and fourth capacitors 
are connected to each other, an LO wave is applied 
to a node between the other ends of said third and 
fourth capacitors, and an RF signal Is Input and out- 
put by way of the node between the other ends of 
said third and fourth capacitors. 

The even hamnonlc mixer according to Claim 1 , 
wherein said first resistor Is connected to a cathode 
of said first diode in said first series unit and said 
second resistor is connected to an anode of said 
second diode in said second series unit so that said 
first and second resistors are connected to each 
other at an end of said antiparallel diode pair 
means, and said first series unit comprises a first 
capacitor connected to an anode of said first diode 
and said second series unit comprises a second ca- 
pacitor connected to a cathode of said second di- 
ode, and wherein said even harmonic mixer com- 
prises a third resistor having an end connected to 
the anode of said first diode, a fourth resistor having 
an end connected to the cathode of said second di- 
ode and another end connected to another end of 
said third resistor, a third capacitor having an end 
connected to a node between said first resistor and 
saidf Irst diode, and afourth capacitor having an end 
connected to a node between said second resistor 
and said second diode, an IF signal is input and out- 
put by way of a node between said first and second 
resistors, other ends of said third and fourth capac- 
itors are connected to each other, an LO wave is 
applied to a node between the other ends of said 
third and fourth capacitors, and an RF signal is input 
and output by way of the node between the other 
ends of said third and fourth capacitors. 



' ^ ' 'second diode in said second seriesiinit so thatsald " 
first and second resistors are connected to each 
other at an end of said antiparallel diode pair 
means, and said first series unit comprises a third 

5 resistor connected in series to an anode of said first 
diode and a first capacitor connected in parallel to 
said third resistor and said second series unit com- 
prises a fourth resistor connected in series to a cath- 
ode of said second diode and a second capacitor 

10 connected in parallel to said fourth resistor, and 
wherein said even harmonic mixer comprises a third 
capacitor having an end connected to a node be- 
tween said first resistor and said first diode and a 
fourth capacitor having an end connected to a node 

15 between said second resistor and said second di- 
ode, an IF signal is input and output by way of a 
node between said first and second resistors, other 
ends of said third and fourth capacitors are connect- 
ed to each other, an LO wave is applied to a node 

20 between the other ends of said third and fourth ca- 
pacitors, and an RF signal is input and output by 
way of the node between the other ends of said third 
and fourth capacitors. 

25 8. The even hamnonlc mixer according to Claim 3, 
wherein said first resistor is connected to a cathode 
of said first diode in said first series unit and said 
second resistor is connected to an anode of said 
second diode in said second series unit so that said 

30 first and second resistors are connected to each 
other at an end of said antiparaliei diode pair 
means, and said first series unit comprises a third 
capacitor connected in series to an anode of said 
first diode and said second series unit comprises a 

35 fourth capacitor connected in series to a cathode of 
said second diode, and wherein said even harmonic 
mixer comprises a third resistor having an end con- 
nected to the anode of said first diode and a fourth 
resistor having an end connected to the cathode of 

40 said second diode and another end connected to 
another end of said third resistor. 
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The even hanmonic mixer according to Claim 1 , 55 
wherein said first resistor is connected to a cathode 
of said first diode in said first series unit and said 
second resistor is connected to an anode of said 
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